Obesity has been increasing worldwide. Data on obesity status among men of reproductive age are scarce. This study aimed to assess the national prevalence and trend of overweight and obesity among reproductive-age men in rural China. In the nationwide population-based study, data were obtained from the National Free Preconception Health Examination Project in rural China from 2010 to 2014. Weight and height were measured in 16 161 982 men aged 15-49 years and their female partners (15 997 739 participants aged 15-49 years) before conception, and body mass index (BMI) was calculated. We found that the prevalence of combined overweight and obesity among men was 33.8% (33.7-33.9%) according to Chinese criteria (BMI ≥ 24.0 kg/m 2 ), the corresponding rates of obesity were 6.3% (6.2-6.4%; BMI ≥ 28.0 kg/m 2 ), respectively. The prevalence varied in different ethnic groups, geographic regions, age, education and GDP levels, and increasing trend was observed over the 5-year study period. In addition, 45.8% of couples had at least one of them as overweight or obesity. About one third of men aged 15-49 years before conception in rural China are overweight or obese. Overweight/ obesity clusters in families, which highlights the importance of family involvement of early prevention of obesity in China.
Obesity prevalence has increased dramatically over the past several decades, and the global estimate suggests that more than one-third of adults are overweight or obese 1 . Overweight and obesity are well-established risk factors for diabetes, cardiovascular disease (CVD), certain cancers and premature death, as well as adverse reproductive consequences [2] [3] [4] [5] . Studies have documented that maternal obesity is associated with an increased risk of infertility, pregnancy complications, and chronic diseases in the offspring 6 . However, whether paternal obesity has an effect on the pregnancy outcomes and long-term health of their children remains to be explored. Several studies have shown that male obesity is related to higher risk of infertility, and accumulating evidence also indicates the importance of paternal obesity in programming offspring obesity/metabolic phenotype through epigenetic modifications at the very early stage, even before conception [7] [8] [9] .
Substantial variability exists across the globe in the prevalence of overweight and obesity in men of reproductive age 1 . In the US, about two thirds of men aged 20-39 years were overweight or obese in 2012, although the prevalence remained stable in recent years 10 . A previous small-scale study reported that the prevalence of overweight and obesity in China tripled from 8.2% to 26.5% among men aged 18-39 years between 1993 and 2009 11 . For better assessing the paternal risks and improving pregnancy outcomes, it is critical to examine weight status of 
Results
The detailed demographic characteristic of reproductive-age men across study years are shown in Table 1 . Based on data for 16 161 982 men aged 15-49 years in rural China, the numbers of participants were almost equally distributed in the three age groups (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) , and 40-49 years), and majority of them (61.9%) had an education level of junior high school, while only 13.4% had college or higher degrees. Among their female partner (See Supplementary Table S1 ), the majority of women (77.8%) were younger than 30 years old, and other characteristics of women were similar to that of men.
The overall prevalence (95% CI) of combined overweight and obesity was 33.6% (33.5-33.7%) among reproductive-age men, and the prevalence of obesity alone was 6.3% (6.2-6.4%) according to the Chinese criteria ( Table 2 ). The prevalence of overweight and obesity was higher among men in the 30-39 and 40-49 years age group compared to those aged 15-29 years. Among our participants, the minority ethnic groups of Mongolian (43.7%) and Manchu (43.0%) had substantially higher rates of overweight and obesity than do Han ethnic group (34.0%). The prevalence varied dramatically across regions, and it was highest in the north region (43.5%), and lowest in the south (24.8%) or northwest (25.9%) regions. The prevalence increased monotonically with higher education and GDP levels. The prevalence (95% CI) according to the WHO criteria was 22.4% (22.3-22.5%) for combined overweight and obesity, and 2.5% (2.4-2.6%) for obesity (See Supplementary Table S2 ). The overall and the sociodemographic profiles were similar to that based on the Chinese criteria. During the study period, the overall prevalence increased by 8.9% (95% CI 8.6-9.2%) for combined overweight and obesity, and 2.7% (95% CI 2.6-2.9%) for obesity alone defined by the Chinese criteria (all P < 0.0001; Fig. 1 and Table 3 ). The increase was present in almost all subgroups, although substantial disparities were observed ( Table 3 ). Greater increases in overweight and obesity were observed in men aged 30 years or above, with Han background, with higher education, or in the high GDP region. In addition, the increases were significantly faster in regions of north, northeast, south and northwest. According to the WHO criteria, the prevalence increased by 7.6% (95% CI 7.3-7.8%) for combined overweight and obesity, and 1.1% (95% CI 1.0-1.2%) for obesity alone (See Supplementary Table S2 ). Information on the prevalence and trend of overweight and obesity in 31 provinces, municipalities and autonomous regions during 2010 and 2014 is shown in Fig. 2A . Again, substantial variations were observed across different regions in China.
Data from 15 997 739 men and their female partners could be matched in this study. Among them, increasing trends in prevalence of overweight and obesity were observed in both men and women (See Supplementary  Fig. S1 ). During the study years, the proportion of couples with at least one of them being overweight or obese was 45.8%, whereas proportion of couples with both of them being overweight or obesity was 9.9% based on the Chinese criteria ( Table 4 ). The clustering of overweight and/or obesity in couples was stronger in older age groups, particularly in women, and in ethnic groups of Uyghur and Mongolian. Higher education was positively associated with higher prevalence of overweight or obesity in couples, whereas it was inversely associated with simultaneous overweight and obesity in men and women. Positive associations between higher GDP level and couples' overweight and/or obesity were consistent. Similarly, the prevalence of the clustering overweight/obesity was lower in the south region, and higher in the north region (Table 4 ). In addition, the prevalence of overweight and/or obesity in couples in 31 provinces, municipalities and autonomous regions is also presented in Fig. 2B .
Discussion
In this largest study to date in rural China, about one third of reproductive-age men aged 15-49 years were overweight/obese and 6.3% of them were obese according to the Chinese criteria. By examining patterns of reginal difference, overweight and obesity prevalence was substantial high in North China, and was low in the south or northwest regions. Of particular relevance is the ethnicity and cultural differences in rural China. The increase trend of overweight and obesity was common in young men, especially among those in higher socioeconomic strata. These findings indicate that the epidemic of overweight and obesity has become a serious public problem among reproductive-age men in rural China. The weight status in Chinese populations have been examined in general population by a few national surveys. The China National Nutrition and Health Survey (CNNHS) reported that the prevalence of overweight and obesity (BMI ≥ 24.0 kg/m 2 ) in men aged 18-44 years rose rapidly from 14.5% to 30.4% between 1992 and 2002 12 . The annual increasing rate was much higher in younger men aged 18-44 years (1.6% per year) compared with men aged 45-59 years (1.0% per year) and those aged 60 years or above (0.6% per year). A series of China Health and Nutrition Survey (CHNS) studies found that the proportions of men with a BMI ≥ 25 kg/m 2 has tripled from 8.2% to 26.5% in the age group of 18-39 years between 1993 and 2009, and the increase was larger than other age groups or in women 11 . In Western countries, the prevalence of overweight/obesity remained high in young men of reproductive age: 62% in US 10 , 56.1% in Canada 13 , and 42% in England 14 . Comparing with these findings, our results (33.8% according to the Chinese criteria and 22.4% according to the WHO criteria) were lower than that in Western countries, but were generally consistent with results from other smaller studies in Chinese populations.
In the analysis of different geographical regions, the north and northeast were associated with high prevalence of overweight and obesity in rural China. Some provinces even had a high prevalence close to that in the US (two thirds of the total young men) 10 . Among our participants, several minority ethnic groups (eg. 43.7% for Mongolian and 43.0% for Manchu) have substantially higher rates of overweight and obesity than do Han ethnic group (34.0%). These reginal/ethnic variations could be attributed to the socioeconomic status and the accompanying lifestyle/culture influence, as well as different genetic backgrounds 3 experiencing the nutrition transition towards a high-fat, high-energy diet, and sedentary lifestyles 15 . Particularly for some minority ethnic groups, such as Mongolian and Manchu, those who mainly live in regions of north and northeast maintain a traditional meat dietary pattern for the reasons of favoring a large body and need against the cold 16 . Previous evidence also suggests that people living in the north, rural areas consumed more alcohol beverage than their counterparts, and some minority ethnic groups, such as those of Mongolian background, had higher levels of alcohol consumption than other ethnic groups 17 . Additionally, socioeconomic status (eg. personal educational level, area-level economic status) impacts the prevalence of overweight and obesity that men of higher social strata are more likely to be obese in developing countries 18 . In our study, the conclusions were consistent that overweight/obesity prevalence was relatively higher among rural men with higher level of education or living in the high GDP areas. Furthermore, there is a clear distinction regarding to genetic predisposition on obesity in different Chinese populations; the characteristics of gut microbiota in Han population are different from minority ethnic groups, which plays an important role in obesity epidemic 19, 20 . In short, rates of overweight/obesity have increased among rural people of all ages and regions, but some groups are disproportionately affected. Along with the rapid social and economic change with increasing urbanization, the growing burden of overweight and obesity will affect more reproductive-age men across China in the near future. Both paternal and maternal obesity are related to the health of the next generation 5 . Maternal prepregnancy overweight/obesity was associated with adverse pregnancy outcomes 21, 22 . Male obesity also negatively impacts fertility by changes in the hormones, reduced semen functions, as well as changes in sperm epigenetic marks 23 . Therefore, it is important to assess the clustering of overweight and obesity couples. In our study, nearly half of rural couples had at least one of them being overweight or obese before conception, and higher prevalence was associated with increasing age, higher socioeconomic strata, specific ethnicity and regions. Meanwhile, about 10% of the couples were overweight or obesity in both of them, and those couples should be prioritized for the interventions. Obesity intervention prior to conception offers unique opportunity for improving pregnancy outcomes, offspring health and also parental health. Overweight/obese couples may share common factors including diet, physical activities and health behaviors, and intervention targeting both couples has been proved more effective than targeting men or women alone 24, 25 . There is an urgent need for more studies on effective and cost-effective methods of preconception care with an emphasize on weight management, which has been overlooked to a great extent in our society. Our study has several strengths. First, we included more than 15 million rural men aged 15-49 years in this mega national survey. The study sample covered 80% of the target population in the rural China for couples who intended to get pregnant soon. In addition, we have used a two-stage stratified cluster sampling method and standardized the results to the 2010 China Population Census. Therefore, we considered the results to be representative of actual prevalence of overweight and obesity in reproductive-age men in rural China. Moreover, we utilized the data from couples to examine the distribution of both spouse's BMI in a general healthy population planning pregnancy. Few studies have analyzed the BMI distribution of a family, while this is certainly important for pregnancy and health of the next generation. We also acknowledge the following limitations of our study. First, our findings are based on a non-random sampling method of 31 provinces, municipalities and autonomous regions, thus the generalization to the entire male population of 15-49 years old in rural China should be cautious. However, due to the very high coverage proportion, we did not think that the results will be materially changed if random sample or total population approaches were used. Second, the majority of men in this study were from rural areas, and the true prevalence of overweight and obesity could be underestimated in the total population because the overweight/obesity prevalence seemed to be slightly higher in urban areas than rural areas in China 12, 26, 27 . Finally, between-investigator variations in the measurement of body weight and height were possible. However, all study staff (doctors, nurses, and health workers) were adequately trained in standard protocol and the measurement errors could be random, if exist. Given the large sample size, it is unlikely that measure errors could have substantially altered the results.
In conclusion, our study found that about one-third of Chinese young men of reproductive age in rural areas were overweight or obese, and we also observed an increasing trend in the prevalence across the study years. Substantial disparities across geographic regions were observed in the prevalence of overweight and obesity. Further studies are needed to explore the reasons for the disparities, and region-specific health resources and public policies should also be explored to reduce the disease burden of overweight and obesity. In addition, about 45% of couples had at least one of them being overweight or obesity, which will have an enormous impact on the population health of the adults themselves and also the health for the next generation in China. Therefore, effective weight loss strategies are needed for the couples who plan to get pregnant in order to reduce pregnancy complications and improve overall population health.
Methods

Study design and participants. The NFPHEP, launched by National Health and Family Planning
Commission and Finance Ministry, is an ongoing preconception care service for rural couples of reproductive age planning pregnancy across China since 2010. The couples who were planning pregnancy within the next 6 months, at least one of whom was defined as a rural resident were eligible for participating in the project. Participants received preconception care including free health checkups, risk assessments and health consultations, as well as two follow-ups for pregnancy outcomes, with the purpose of reducing the potential risk factors for birth defects and improving population health. The NFPHEP began with 100 rural counties in 2010, and extended to 220 rural counties in 2011 and were further extended to 2790 counties of 31 provinces in 2013 afterwards. Before 2013, the numbers of NFPHEP unit were selected in proportion to the local population size and numbers of total counties in each province with a two-stage stratified cluster sampling method. Since NFPHEP is a free healthcare program aiming to improve pregnancy outcomes and reduce birth defects, and women voluntarily came to get the services. Details of the study design, process and data collection are published elsewhere 28 . In our study, a total of 17 269 054 men who participated in the program between 2010 and 2014 were included in this study. We excluded 289 049 participants aged beyond 20-49 years, 818 023 without physical examination information on weight and height. Finally, data from 16 161 982 of the participants aged between 15 and 49 years were used for statistical analyses. Also we included 15 997 739 female partners, who aged 15-49 years and had complete height and weight information. The study was conducted in accordance with the Declaration of Helsinki and approved by the ethics committees of the National Health and Family Planning Commission and National Research Institute for Family Planning. Informed consent in Chinese was obtained from all participants before any data collection. Zhejiang), Central China (Henan, Hubei, Hunan), South China (Guangdong, Guangxi, Hainan), Northwest China (Gansu, Ningxia, Qianghai, Shaanxi, Sinkiang) and Southwest China (Guizhou, Sichuan, Tibet, Yunnan, Chongqing). Education levels were divided into four groups of primary school or lower, junior high school, high school, and college or above. Economic development was divided into tertiles of gross domestic product (GDP) per head in 2013 with the following ranges: 0.2-3.4, 3.5-4.3, and 4.4-10.0 (CNY10 000), respectively. Statistical Analysis. All analyses took into account the deviations in the NFPHEP sample compared with the standard population of 2010 China Population Census, using the weight coefficients adjusted for age for every one year and geographical region. Standard errors were estimated with Taylor series linearization method. The adjusted prevalence of overweight and obesity and 95% confidence intervals (CIs) were reported in total and by age, region, education and GDP subgroups. Differences within sociodemographic subgroups were tested by χ² test. Then, we analyzed the trends and absolute changes in prevalence of overweight and obesity from 2010 to 2014 using t statistics and orthogonal contrast matrices, and reported the p value for trends. We further reported the clustering of overweight/obesity among couples, defined as at least one of them was classified as overweight or obesity, or both of them were overweight or obesity. In addition, multivariable logistic regressions were used to explore the association between relevant covariates (age, geographic location, education level and GDP level) and overweight/obesity, and the crude and adjusted odds ratios (ORs) and 95% CIs were reported. Statistical inference was based on 2-sided test and p value < 0.05. All data analyses involved use of STATA software version 13.0.
